Dynamics of centromere and kinetochore proteins; implications for checkpoint signaling and silencing.
The mitotic checkpoint prevents the onset of anaphase before all chromosomes are attached to spindle microtubules. The checkpoint is thought to act by the catalytic generation at unattached kinetochores of a diffusible "wait signal" that prevents anaphase. Mad2 and Cdc20, two candidate proteins for components of a diffusible wait signal, have previously been shown to be recruited to and rapidly released from unattached kinetochores. Fluorescence recovery after photobleaching demonstrated that Mad1, Bub1, and a portion of Mad2, all essential mitotic-checkpoint components, are stably bound elements of unattached kinetochores (as are structural centromere components such as Centromere protein C [CENP-C]). After microtubule attachment, Mad1 and Mad2 are released from kinetochores and relocalize to spindle poles, whereas Bub1 remains at kinetochores. A long residence time at kinetochores identifies Bub1, Mad1, and a portion of Mad2 as part of a catalytic platform that recruits, activates, and releases a diffusible wait signal that is partly composed of the rapidly exchanging portion of Mad2. The release of Mad1 and Mad2, but not Bub1, from kinetochores upon attachment separates the elements of this "catalytic platform" and thereby silences generation of the anaphase inhibitor despite continued rapid cycling of Mad2 at spindle poles.